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$FLW\PXVWDOVRVDWLVI\WKHQHHGVRIWKHKXPDQRUJDQLVP+LVWRULFDOO\RQO\FDWDVWURSKLFHYHQWVKDYHKDGWKHSRZHU
WRUHIRUPDQGGLVUXSWWKHXUEDQVWUXFWXUHVWKDWGRVR1RZHQYLURQPHQWDOVRFLDOVXVWDLQDELOLW\DQGWKHJUDIWLQJRI
WHFKQRORJ\RQWRERGLHVEXLOGLQJVDQGLQVSDFHVDUHUHVKDSLQJXUEDQGHYHORSPHQW:HOLYHLQDWLPHZKHQWKHVHWZR
YHU\GLIIHUHQWV\VWHPVDUHFROOLGLQJFDWDO\]LQJWKHHPHUJHQFHRIQHZXUEDQPRUSKRORJLHV8UEDQSODQQLQJFKDOOHQJHV
SRVHGE\WKHYDVWLQWHUGHSHQGHQWDQGFKDQJLQJGDWDRIWKHFLW\OHGRittel and WebberWRGHVFULEHWKHVHQXPHURXV
XQUHVROYHGYDULDEOHVDVµZLFNHGFRPSOH[LW\¶5LWWHO	:HEEHU([DPSOHVRIZLFNHGFRPSOH[LW\FDQDOVREH
IRXQGLQELRORJLFDORUJDQLVPVDQGHFRV\VWHPV7KHVHDUHHYROYLQJV\VWHPVLQSHUSHWXDOPRWLRQSRVVHVVLQJQHLWKHUDQ
XOWLPDWHIRUPQRUHQGFRQGLWLRQ,QRUGHUWRGHVLJQZLWKFRPSOH[LW\QRQWHOHRORJLFDOPHWKRGVRIELRPLPHWLFJURZWK
PRGHOLQJDUHHPSOR\HGDVWRROVWRJHQHUDWHSRVVLEOHXUEDQIXWXUHV
7KLVZRUNGHVFULEHVDPHWKRGWRJHQHUDWHQHZPRUSKRORJLFDOXUEDQIRUPVV\VWHPVDQGEHKDYLRUVEDVHGRQWKH
DQDO\VLVRILQWHUVHFWLRQVRILQIUDVWUXFWXUDOV\VWHPVDGDSWLYHHQYLURQPHQWDOLQWHUIDFHV7KHREMHFWLYHLVWRGHYHORSD
UHVHDUFKPHWKRGRORJ\ WR LQIRUP WDFWLFDO UHVSRQVHV IRU D SDUWLFXODU XUEDQ FRQGLWLRQ DQGZLWKLQ D SDUWLFXODU XUEDQ
VWUDWHJLFVSDFH7KHUROHRIWKHFLW\LVUHGHILQHGDVWKHVHQVRU\PHGLDWLQJDQGGLVWULEXWLQJLQWHUIDFHRIWKHVXVWDLQDEOH
HQYLURQPHQWYLWDOL]HGE\WKHEHKDYLRUVRILQWHOOLJHQWDJHQWVFRQQHFWHGWKURXJKWKHLQWHUQHWRIHYHU\WKLQJ,R(

7KHFKDQJHGVLWXDWLRQ
7KHFLW\DVDQRUJDQLVPLVDFRPPRQPHWDSKRU7KLVLVGXHWRWKHPDQ\TXDOLWLHVDFLW\VKDUHVZLWKOLYLQJFUHDWXUHV
LW FKDQJHV IRUP FRQVXPHV UHVRXUFHV SURGXFHVZDVWH DQG LQWHUDFWVZLWK RWKHU FLWLHV DV LW JURZV$ FLW\PDWXUHV
GHFOLQHVGHFD\VDQGJLYHVELUWKWRQHZIRUPVRIFRPPHUFHQHZLQGXVWULHVQHZWHFKQRORJLHVQHZVRFLDOLQVWLWXWLRQV
QHZHSLGHPLFVDQGQHZRSSRUWXQLWLHV$VZLWKDQ\RUJDQLVPWKHFLW\LVIXOORIVHQVRUV3RVVHVVLQJERWKDKXPDQDQG
WHFKQRORJLFDOVHQVRU\DSSDUDWXV WKHFLW\VLPXOWDQHRXVO\SHUFHLYHVWKHFRQGLWLRQVRIDQGSURYLGHVIHHGEDFNWR LWV
HQYLURQPHQW 7KH FLW\ WKHQ SURFHVVHV WKH LQIRUPDWLRQ JDLQHG IURP LWV GLVWULEXWHG VHQVHV FUHDWLQJ ERWK ORFDO DQG
FHQWUDOL]HGNQRZOHGJHEDVHV7KLVNQRZOHGJHJDLQHGPDNHVLWSRVVLEOHWRDGDSWWRFKDQJHVLQRUGHUWRRSWLPL]HWKH
V\VWHP DQG EHWWHU DGDSW WR WKH HQYLURQPHQW $ FLW\ LV D OHDUQLQJ V\VWHP ,W LV D IHHGEDFN ORRS RUJDQL]LQJ DQG
DVVLPLODWLQJDSHUFHSWXDOIORZRIGDWDLQWRDQLQIRUPDWLRQV\VWHPDQGDGDSWLQJWRWKHHQYLURQPHQW
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2.1. The learning city 
3URRIRIOHDUQLQJLVGHPRQVWUDWHGWKURXJKDGDSWDWLRQDQGGHYHORSPHQW7KLVDELOLW\LVDFTXLUHGWKURXJKSURFHVVHV
RIUHVROYLQJFRQIOLFWVRI LQIRUPDWLRQ3LDJHW.QRZOHGJHGHSHQGVRQ LQIRUPDWLRQ LQIRUPDWLRQRQSHUFHSWLRQDQG
SHUFHSWLRQRQWKHUDQJHRIVHQVRUVWKDWFROOHFWGDWDDERXWWKHHQYLURQPHQW$FLW\ZLWKERWKDKXPDQDQGWHFKQRORJLFDO
VHQVRU\DSSDUDWXVLVDEOHWRFROOHFWDZLGHUDQJHRIGDWDW\SHV8UEDQSODQQLQJLVSULPDULO\EDVHGRQTXDQWLWDWLYHGDWD
VXFKDVSRSXODWLRQHFRQRPLFH[FKDQJHWUDQVSRUWDWLRQFRQGLWLRQVWKHDYDLODELOLW\RIUHVRXUFHVHQHUJ\UHVHUYHVDQG
FULPHUDWHV%XWWKHKXPDQVHQVRU\DSSDUDWXVSURYLGHVTXDOLWDWLYHGDWDSHUFHLYHGYDOXH±WKHQDUUDWLYHGDWDRIZHOO
EHLQJDQGVRFLDOLQWHUDFWLRQLVEDVHGRQLQIRUPDWLRQFROOHFWHGWKURXJKDKXPDQREMHFWHQYLURQPHQWDOLQWHUIDFH
,W LV LPSRUWDQW WRUHFRJQL]H WKHFLW\DVDFRPSOH[DVVLPLODWLRQRIEHKDYLRUV7KHVHEHKDYLRUVDUHGHSHQGHQWRQ
REMHFWLYHDQGVXEMHFWLYHV\VWHPVRSHUDWLQJDWDUDQJHRIVFDOHVZLWKERWKDXWRQRPRXVDQGLQWHUGHSHQGHQWTXDOLWLHV
7KHVHV\VWHPV¶LQWHUIDFHVH[LVWZLWKLQWKHVSDFHRIDFRQWLQXRXVO\G\QDPLFDQGHYROYLQJFRQGLWLRQ7DFWLFVWRDIIHFW
FKDQJHLQDV\VWHPPXVWHQJDJHWKHPRPHQWVDQGSODFHVLQWLPHDQGVSDFHZKHUHV\VWHPVLQWHUIDFH7KHPRPHQWV
DQG SODFHV ZKHUH LQWHUDFWLRQV KDSSHQ DUH G\QDPLF DQG UHVSRQVLYH WR FKDQJLQJ XUEDQ FRQGLWLRQV 7KH FLW\ LV
PRUSKRORJLFDOO\ LQWHUDFWLYH 7KH HQYLURQPHQW LV IRUPHG E\ DQG LQIRUPV WKH V\VWHPV LW IDFLOLWDWHV DQG DFWV DV D
PRUSKRJHQHWLFILHOGIRUWKHLQIRUPDWLRQZLWKLQ6XFKDILHOGFDQHQDEOHFHUWDLQVWUXFWXUHVERUQHRXWRIDSDUWLFXODU
FODVVRILQIRUPDWLRQWRH[SUHVVWKHPVHOYHVPRUHRUOHVVVWURQJO\±WRSURVSHURUQRW
2.2. Morphogenetic Fields 
0RUSKRJHQHWLFILHOGVDUH³«UHVSRQVLEOHIRUWKHFKDUDFWHULVWLFIRUPDQGRUJDQL]DWLRQRIV\VWHPVDWDOO OHYHOVRI
FRPSOH[LW\QRWRQO\LQWKHUHDOPRIELRORJ\EXWDOVRLQWKHUHDOPVRIFKHPLVWU\DQGSK\VLFV7KHVHILHOGVRUGHUWKH
V\VWHPVZLWKZKLFK WKH\DUHDVVRFLDWHGE\DIIHFWLQJHYHQWVZKLFK IURPDQHQHUJHWLFSRLQWRIYLHZDSSHDU WREH
LQGHWHUPLQDWHRUSUREDELOLVWLFWKH\LPSRVHSDWWHUQHGUHVWULFWLRQVRQWKHHQHUJHWLFDOO\SRVVLEOHRXWFRPHVRISK\VLFDO
SURFHVVHV´6KHOGUDNHS7KLVLVRQHZD\WRDFFRXQWIRUKRZGHYHORSLQJV\VWHPVHYROYHLQWRDSDUWLFXODU
IRUP0RUSKRJHQHWLFILHOGVSURYLGHERWKKLVWRULFDOUHIHUHQFHDQGSHUIRUPDWLYHLQWHQW
7KHYLHZ WKDWGLIIHUHQWHQYLURQPHQWVZLOO FDXVHVLPLODU µRUJDQLVPV¶ WRGHYHORS LQ IRUPDOO\GLIIHUHQWZD\VE\
DIIHFWLQJ WKHZD\ IRUPDWLYH LQIRUPDWLRQ OLNH'1$ LV H[SUHVVHGRU UHSUHVVHG LV FDOOHG HSLJHQHWLFV7KLV LGHD LV
UHGHILQLQJWKHWUDGLWLRQDOPHFKDQLVWLFZD\RIXQGHUVWDQGLQJWKHZD\IRUPLVJHQHUDWHG±DVVRPHWKLQJWHOHRORJLFDO
DQGSUHGHWHUPLQHGE\WKHLQIRUPDWLRQRI WKHV\VWHP)RUDQ\JLYHQHQYLURQPHQWDOFRQWH[W WKHUHH[LVWVDUDQJHRI
SRVVLEOHIRUPVWKDWFDQVDWLVI\SHUIRUPDWLYHGHPDQGVRIWKDWSDUWLFXODUFRQGLWLRQ+LVWRULFDOSUHFHGHQWKDVDUHJXODWLQJ
TXDOLW\WKDWDIIHFWVKRZPXFKFKDQJHFDQRFFXUZLWKLQHDFKJURZWKF\FOH³«WKHPRUSKRJHQHWLFILHOGVRIDOOSDVW
V\VWHPVEHFRPHpresentWRDQ\VXEVHTXHQWVLPLODUV\VWHPWKHVWUXFWXUHVRISDVWV\VWHPVDIIHFWVXEVHTXHQWVLPLODU
V\VWHPVE\DFXPXODWLYHLQIOXHQFHZKLFKDFWVDFURVVERWKVSDFHandWLPH6KHOGUDNHS´
2.3. Historical knowledge as developmental restraint 
+LVWRU\KDVSURYLGHGPDQ\H[DPSOHVRIXUEDQUHJXODWLQJHQYLURQPHQWV&URVVERUGHUH[FKDQJHVRILQIRUPDWLRQ
DQGPDWHULDOV KDYHHQJHQGHUHG WKHFUHDWLRQRIRUJDQL]DWLRQDO IRUPV WKDW DGDSW WR IDFLOLWDWH WKHVH IORZVRYHU WLPH
+LVWRULFDOO\WKHGRPLQDQWV\VWHPUHJXODWLQJXUEDQIRUPDQGIORZVZDVWKDWRIWKHVWDWH$VWKHZRUOGEHFDPHPRUH
JOREDODQGLQYHVWRUVHVWDEOLVKHGERWKILQDQFLDODQGSURSHUW\LQWHUHVWVLQIRUHLJQQDWLRQVWKHIRUPDOLQWHJULW\RIWKH
µVWDWH¶EHFDPHXQGHUPLQHG)LQDQFLDOPDWHULDODQGVRFLDOHOHPHQWVRIFXOWXUHDOOWUDQVFHQGSROLWLFDOERUGHUV³,QWKLV
FRQWH[W ZH VHH D UHVFDOLQJ RI ZKDW DUH WKH VWUDWHJLF WHUULWRULHV WKDW DUWLFXODWH WKH QHZ V\VWHP:LWK WKH SDUWLDO
XQEXQGOLQJRUDWOHDVWZHDNHQLQJRIWKHQDWLRQDVDVSDWLDOXQLWFRPHFRQGLWLRQVIRUWKHDVFHQGDQFHRIRWKHUVSDWLDO
XQLWVDQGVFDOHV´6DVVHQS
1RWRQO\GRZHREVHUYHDUHVFDOLQJRIWKHVWUDWHJLFWHUULWRULHVLQRXUXUEDQHQYLURQPHQWVZHVHHDPDVVLYHLQFUHDVH
LQ WKH W\SHV RI WHUULWRULHV IDFLOLWDWHG WKURXJK WHFKQRORJLFDO DGYDQFHV LQ FRPPXQLFDWLRQ &LWLHV KDYH KLVWRULFDOO\
SURYLGHG WKH VRFLDO VSDFHV RI KXPDQ LQWHUDFWLRQ +XPDQ VRFLDO LQWHUDFWLRQ KDV EHFRPH PRUH QXDQFHG PRUH
GLVWULEXWHGDGGLQJQHZLQVWDQFHVDQGVFDOHVRIVSDFHLQYLVLEOH\HWVXSHULPSRVHGRQDQGGLVUXSWLYHWRWKHKLVWRULFDO
FLW\7KLVLVFDXVLQJWUDGLWLRQDOSK\VLFDOXUEDQVSDFHVWREHUHSXUSRVHGDQGDGDSWHGWRIDFLOLWDWHRWKHUQRQSK\VLFDO
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VSDWLDO WHUULWRULHV ,QIRUPDWLRQ ZH DUH DEOH WR FROOHFW DERXW WKHVH VSDFHV LV FROOHFWHG WKURXJK D K\EULG
KXPDQWHFKQRORJLFDOVHQVRU\DSSDUDWXVWKH,R0H,QWHUQHWRI0H%DUNHU+7KLVVLWXDWLRQKDVFUHDWHGDQ
LPSRVVLEO\FRPSOH[ZLFNHGDQGHQWDQJOHGPDWUL[RIYLUWXDOPDWHULDODQGWHPSRUDOVRFLDOVSDFHV
2.4. Wicked complexity 
5LWWHO DQG:HEEHU  KDYH GHILQHG VRFLDO VSDFHV DQG WKHLU LQKHUHQW FRPSOH[LWLHV DV µZLFNHG¶ ,Q WKHLU
Dilemmas in General Theory of Planning,WKH\GHVFULEHGWKHSODQQLQJGLIILFXOWLHVDVVRFLDWHGZLWKVXFKVSDFHV7KH
DXWKRUVPDNHWKHFDVHWKDWQHZPHWKRGVDUHQHHGHGWRDSSURDFKZLFNHGFRPSOH[LVVXHV:LFNHGFRPSOH[SUREOHPV
FRPPRQWRXUEDQSODQQLQJRIWHQKDYHERWKLOOGHILQHGLQWHUUHODWHGFDXVDOLWLHVDQGREMHFWLYHV,WLVGLIILFXOWWRHYHQ
GHWHUPLQH WKHTXHVWLRQV WREH UHVROYHG LQD FRPSOH[ RSHQ DGDSWLYH DQG LQWHUDFWLYH V\VWHP7KHYHU\SURFHVVRI
FROOHFWLQJLQIRUPDWLRQWRGHILQHWKHTXHVWLRQGHSHQGVRQWKHDSSURDFKRQHLQWHQGVWRWDNHWRVROYHWKHSUREOHP7KDW
LQWHQWFDQDOVREHFDOOHGµWKHRU\¶,WLVWKHUHIRUHLPSRUWDQWWRILQGDSURFHGXUDOµILW¶LQRUGHUWRJHWGLUHFWDGHVLUHG
UHVXOW
7KHTXHU\VSDFHPXVWEHFRQGLWLRQHGWRIDFLOLWDWHGHVLUHGRXWFRPHVVLQFHHDFKW\SHRITXHVWLRQLQJDQGUHVHDUFK
ZLOO\LHOGDGLIIHUHQWUDQJHRIUHVXOWV³:LFNHGSUREOHPVKDYHQRVWRSSLQJUXOH´5LWWHO	:HEEHUDQGWKHUHIRUH
DQ\VROXWLRQLVDVVXPHGWREHUHGHILQHGDQGUHDSSOLHGXQWLO WKHFRQWH[WFKDQJHVWR WKHSRLQWRIEHFRPLQJDQHZ
ZLFNHGSUREOHP$SURFHGXUDO ILW IRUDQDO\VLQJDQGGHYHORSLQJDFRPSOH[ V\VWHP UHTXLUHV DSSURDFKHV WRZLFNHG
SUREOHPVWKDWDUHQRQWHOHRORJLFDODQGLQWHUFRQQHFWHGUHFRJQL]LQJWKDWDQ\LQWHUYHQWLRQZLOOEHRUJDQL]HGDQGDGDSWHG
WRWKHZLFNHGQHVV

9LVFHUDODQGPDWHULDOXUEDQLVP
7KHFLW\LVDFRPSOH[DGDSWLYHLQWHOOLJHQWV\VWHPGHVLJQHGWRIDFLOLWDWHKXPDQEHKDYLRXUDQGVXVWDLQWKHKXPDQ
RUJDQLVP+XPDQVDXJPHQWHGWKURXJKWHFKQRORJ\QRZVLPXOWDQHRXVO\H[LVWLQSK\VLFDOVSDFHDVZHOODVZLWKLQD
GHQVHVSDFHRIKXPDQPDGHIHDWXUHVWKDWLVLPPDWHULDO7KLVFRQGLWLRQKDVFKDQJHGKXPDQVIURPOLIHIRUPVWKDWXVH
WRROV WR OLIHIRUPV WKDWKDYHJUDIWHG WRROV WR WKHLURUJDQLVPEHFRPLQJ WRROV WKHPVHOYHV/LNH WKH ,R7 ,QWHUQHWRI
7KLQJVWKHVHQHZKXPDQVKDYHEHFRPHDQ,R0H,QWHUQHWRI0H+XPDQVKDYHEHFRPHDJHQWVRILQWHUDFWLRQLQ
YLUWXDOVSDFH6RFLDOLQWHUDFWLRQVFDQEHODUJHO\LQGHSHQGHQWRIFLWLHV&RPPXQLWLHVGRQRWUHTXLUHZDOOVIRUGHILQLWLRQ
DQGWKHPHPEHUVRIDFRPPXQLW\DUHQRWOLPLWHGE\SK\VLFDOSUR[LPLW\7KHFLW\KDVEHFRPHDQHOHFWLYHHQYLURQPHQW
RIYLVFHUDOXUEDQLVP
3.1.  A complex adaptive system 
7KH FLW\ DQG LWV IRUP DUH G\QDPLF DQG H[LVW LQ WKH K\SHUWLPH DQG KHWHURVSDFH RI WKH IORZ DQG H[FKDQJH RI
LQIRUPDWLRQWKURXJKVHPLDXWRQRPRXVDJHQWV³«DFLW\LVDSDWWHUQLQWLPH1RVLQJOHFRQVWLWXHQWUHPDLQVLQSODFH
EXW WKH FLW\ SHUVLVWV´ +ROODQG -+ S7KLV VXJJHVWV WKDW D FLW\¶V UREXVWQHVV DQG UHVLOLHQFH LV GXH WR LWV
GHFHQWUDOL]HGGHFLVLRQPDNLQJFDSDFLW\,WVDGDSWLYHDJHQWVDFWZLWKJUHDWIUHHGRP\HWZLWKLQDIUDPHZRUNWRDOORZ
IRUG\QDPLFVWDELOLW\:HVHHWKHFRPSOH[LW\DQGWKHLQWHUDFWLQJDJHQWVDVDV\VWHP±DFRPSOH[DGDSWLYHV\VWHP
³7KHVHDJHQWVDGDSWE\FKDQJLQJWKHLUUXOHVDVH[SHULHQFHDFFXPXODWHV,Qcas>FRPSOH[DGDSWLYHV\VWHPV@DPDMRU
SDUWRIWKHHQYLURQPHQWRIDQ\JLYHQDGDSWLYHDJHQWFRQVLVWVRIRWKHUDGDSWLYHDJHQWVVRWKDWDSRUWLRQRIDQ\DJHQW¶V
HIIRUWVDWDGDSWDWLRQLVVSHQWDGDSWLQJWRRWKHUDGDSWLYHDJHQWV´+ROODQG-+S&RPSOH[DGDSWLYHV\VWHPV
FRQVLVWRIVHPLDXWRQRPRXVDJHQWVWKDWDGDSWWRFRQGLWLRQVDVQHZHYHQWVFKDQJHWKHHQYLURQPHQW7KLVDELOLW\WR
DGDSWPDNHVWKHV\VWHPSHUVLVWHQWDQGFRKHUHQW
7KLVLVDQLPSRUWDQWQHZFLW\PHWDFLW\0F*UDWKHWDOFRQWH[WSURYLGLQJIXUWKHURSSRUWXQLWLHVWRHQJDJH
LQWKHGHVLJQHYROXWLRQRIXUEDQVSDFHVDQGWKHLUV\VWHPV7KHUHDUHRSSRUWXQLWLHVWRGLUHFWGHJUHHVRIUHVLOLHQFHDQG
VWDELOLW\RSSRUWXQLWLHVWRDGDSWUXOHVDQGUXOHV\VWHPVWRDFKLHYHGHVLUHGEHKDYLRUVRUPRUSKRORJLHVRSSRUWXQLWLHVWR
LQIOXHQFHDJHQWVLQYLUWXDOVSDFHLQRUGHUWRDIIHFWFKDQJHLQSK\VLFDOVSDFHRSSRUWXQLWLHVWRDIIHFWLQWHUDFWLRQVWKURXJK
WKHDYDLODELOLW\RILQWHUIDFHVRSSRUWXQLWLHVWRDVVHUWWKHZLVGRPRIWKHSDVWZLWKLQWKHGHYHORSPHQWRIIXWXUHDGDSWLYH
V\VWHPV
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3.2. Emergent forms and systems 
&RPSOH[LW\FRPHVDVHOHPHQWVRIDV\VWHPEHFRPHLQFUHDVLQJO\LQWHUGHSHQGHQW³7KHEHKDYLRXURIPDQ\FRPSOH[
V\VWHPV HPHUJHV IURP WKH DFWLYLWLHV RI ORZHUOHYHO FRPSRQHQWV7\SLFDOO\ WKLV HPHUJHQFH LV WKH UHVXOW RI DYHU\
SRZHUIXORUJDQL]LQJIRUFHWKDWFDQRYHUFRPHDYDULHW\RIFKDQJHVWRWKHORZHUOHYHOFRPSRQHQWV´0LOOHU	3DJH
S$VVWDWHGDERYHFLWLHVKDYHORQJEHHQFDWDO\VWVRIHPHUJHQFH7KHWUDQVLWLRQRIKXPDQVRFLHW\IURPUXUDO
WRXUEDQKDVVHHQWKHHPHUJHQFHRIQHZIRUPVRIFRPPHUFHLQGXVWU\WHFKQRORJ\DQGVRFLDOLQWHUDFWLRQDVZHOODV
QHZIRUPVRILOOQHVVDQGFULPH
7KHWUDQVLWLRQIURPXUEDQWRGLJLWDOHQJHQGHUVVLPLODUV\VWHPV¶HYROXWLRQ$QLQWHUHVWLQJSRLQWLVWKDWHPHUJHQFH
LVWKHUHVXOWRIDQµRUJDQL]LQJIRUFH¶WKDWOLPLWVYRODWLOLW\DQGIDFLOLWDWHVQHZSDWWHUQVRIEHKDYLRXUZLWKLQDFRPSOH[
DGDSWLYHV\VWHP±VXFKDVDFLW\,QRUGHUWRSODQHQWLUHO\QHZFLWLHVRUWRSODQIRUDGDSWDWLRQDQGJURZWKRIROGHU
FLWLHVLWLVFULWLFDOWRFDUHIXOO\GHVLJQWKHµRUJDQL]LQJIRUFH¶LQRUGHUWRIDFLOLWDWHEHQHILFLDOHPHUJHQWTXDOLWLHV7KDW
RUJDQL]LQJIRUFHZLOOEHDV\QWKHVLVRIWKHWHUUDLQRIUHVRXUFHDYDLODELOLW\HQYLURQPHQWDOIHDWXUHVVRFLDODQGSK\VLFDO
WHUULWRULHVDQGWKHLQWHUDFWLRQVDQGEHKDYLRXUVRIDJHQWVDQGPHWDDJHQWV



)LJ%HKDYLRUDODJHQWVPHWDDJHQWVDQGLQWHUDFWLRQVSDFHV
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3.3. Agents and meta-agents 
:KHQZHWKLQNRIGHVLJQLQJIRUµDJHQWV¶LWDOORZVXVWRLQFOXGHDQ\WKLQJDQ\RQHWKDWGHPRQVWUDWHVVRPHGHJUHH
RIDXWRQRPRXVEHKDYLRXU,WLVDKHOSIXOFRQVWUXFWWRHQDEOHXVWRJHWDZD\IURPFODVVLILFDWLRQVEDVHGRQPDWHULDOLW\
KXPDQVKRXVLQJVFKRROVXWLOLWLHVLQIUDVWUXFWXUHHWFDQGGHILQHWHUUDLQVRIEHKDYLRXUVWKDWPD\DVVLPLODWHDQXPEHU
RIWKHSUHYLRXVFODVVLILFDWLRQVLQWRRQHEHKDYLRXUDOµDJHQW¶$QDJHQWPD\EHDVHQVRUWKDWUHDFWVWRLWVHQYLURQPHQW
7KHUHIRUHLWVEHKDYLRXULVGHSHQGHQWRQWKHG\QDPLFGDWDRILWVHQYLURQPHQW$QDJHQWFRXOGDOVREHDQLQGLYLGXDO
ZLWKD*36HQDEOHGSKRQHZKHUHGDWDRQPRYHPHQWEHKDYLRXUVFDQEHWUDFNHG6RPHDXWRQRPRXVEHKDYLRXUVDUH
REVHUYDEOHSDUWLFXODUWRDFROOHFWLRQRIDJHQWVPHWDDJHQWVFROOHFWLYHEHKDYLRXUV
$PHWDDJHQWFDQEHDFRPPXQLW\RILQGLYLGXDOSROLWLFDODFWLYLVWVDJHQWVRUJDQL]HGRQOLQHWKDWKDYHQHYHUPHWLQ
SK\VLFDOVSDFH([DPSOHVRIDJHQWVZLWKORZOHYHODXWRQRP\FRXOGEHDSXEOLFWUDQVSRUWDWLRQV\VWHPRUDUHVRXUFH
H[WUDFWLRQSURFHVV$JHQWVFDQEHDQ\HQWLW\WKDWGHPRQVWUDWHVDGHJUHHRIDXWRQRPRXVEHKDYLRXU,QDQHUDRIWKH,R7
,QWHUQHWRI7KLQJVWKRVHHQWLWLHVDUHµVPDUW¶DQGGHPRQVWUDWHWKHOHDUQLQJEHKDYLRXUVRIDGDSWDWLRQDQGGHYHORSPHQW
WKURXJKDSURFHVVRIDVVLPLODWLQJGDWDIURPLQWHUDFWLRQVZLWKLQDQHQYLURQPHQW
$GDSWLYHHQYLURQPHQWDOLQWHUIDFHV
,QQRYDWLRQ KDSSHQV ZKHQ DGYDQFHV LQ WHFKQRORJ\ LQWHUDFW ZLWK VRFLHW\ FDXVLQJ VWUXFWXUDO SURFHGXUDO DQG
EHKDYLRXUDO FKDQJH7KHUH DUH DOZD\VZLQQHUV DQG ORVHUV LQ WKHSURFHVV RI HYROXWLRQ DQG LQQRYDWLRQ ³7HFKQLFDO
SURJUHVVDQGRUJDQL]DWLRQDOGHYHORSPHQWDUHDVSHFWVRIRQHDQGWKHVDPHWUHQGLQKXPDQDIIDLUVDQGWKHSHUVRQVZKR
ZRUNWRPDNHWKHVHSURFHVVHVDFWXDODUHDOVRWKHLUYLFWLPV´%XUQV	6WDONHUS7KLVYLHZRIWKHPRGHUQ
ZRUOGLVRQHZKHUHLQWHUDFWLRQVDQGV\VWHPVHQDEOHSHRSOHWRPDQLSXODWHRWKHUVZLWKLQWKHLUILHOGRILQIOXHQFH,Q
VXFKDFDVHSHRSOHEHFRPHDUHVRXUFHZKLFKFDQHLWKHUEHVSRLOHGRUFDQFRQWULEXWHWRWKHTXDOLW\RIWKHHQYLURQPHQW
JHQHUDWLQJLQWHOOHFWXDOFDSLWDOHQHUJ\DQGZDVWHZKLOHDFWLQJDVVHQVRUVSURYLGLQJIHHGEDFNUHJDUGLQJVHOIV\VWHP
DQGSODFH7KLV LGHDFDQEHIRXQG LQVRFLRORJLFDO WH[WVJRLQJEDFNDW OHDVW\HDUV LQSKLORVRSKLFDO WH[WVHYHQ
IXUWKHU
0HWDDJHQWVOLNHDODUJHPDQXIDFWXULQJFRUSRUDWLRQDUHGHYLFHVIRUtranslatingGHPDQGLQWRDUWLFOHVDQGVHUYLFHV
%XUQV	6WDONHU7KLVLVDQDORJRXVWRRXUXQGHUVWDQGLQJRIWKHFLW\7UDQVODWLQJLVLQWHUSUHWLQJPRYLQJDQG
FKDQJLQJ0RWLRQLVFHQWUDOWRDFLW\DQGLVWKHEDFNERQHRILWVLQIUDVWUXFWXUH&LWLHVDUHEXLOWDURXQGFRUULGRUVRIIOX[
DQGVSDFHVRIPRYHPHQWLQWHQGHGWREHG\QDPLFDOO\RFFXSLHG8UEDQLQIUDVWUXFWXUDOIORZV\VWHPVFKDQJHWKHWKLQJV
WKDWLQWHUIDFHZLWKWKHPDSURFHVVRIPRYHPHQWWKURXJKDV\VWHPLQWLPH7KHFLW\LVEXLOWXSRQV\VWHPVRIIORZV
4.1 Morphology of Flows 
7KHILUVWSULQFLSOHRILQIRUPDWLRQIORZDVVXPHVWKDW³«WKHV\VWHPVLQZKLFKLQIRUPDWLRQIORZVDUHGLVWULEXWHG
DQGWKDWWKHIORZUHVXOWVIURPregularitiesLQWKHV\VWHP´%DUZLVH	6HOLJPDQS7KLVGHILQLWLRQUHTXLUHVD
V\VWHPVDWLVI\WZRFRQGLWLRQVGLVWULEXWLRQDQGUHJXODULW\LQRUGHUWRIDFLOLWDWHIORZ$GLVWULEXWHGV\VWHPVXJJHVWVD
VFDOHIRURXUSXUSRVHVDQXUEDQVFDOH)ORZKDVSURSHUWLHVRIHQHUJ\DQGLQHUWLDDQGFDQQRWEHGHYHORSHGEHWZHHQ
DGMDFHQWHQWLWLHV
6\VWHP µUHJXODULWLHV¶ VXJJHVW FRQWLQXLW\ LQGHSHQGHQW RI WKH GHJUHH RI KHWHURJHQHRXV FRPSRQHQWV LQ IRUP
PHGLXPRUSURFHVV$VORQJDVFRQWLQXLW\LVSURYLGHGIRUDQGWKHHQWLWLHVGRLQJWKHIORZLQJORVHQHLWKHUTXDOLW\QRU
FRQWHQWIORZFDQEHVXVWDLQHG$ORZGHQVLW\KLJKO\GLVWULEXWHGV\VWHPZLOOUHTXLUHGHGLFDWHGVSDFHVRIIORZV$
KLJKGHQVLW\V\VWHPFDQIDFLOLWDWHIORZVODUJHO\GXHWRWKHSUR[LPLW\RILWVHOHPHQWV7KHVHWZRV\VWHPVRIIORZVKDYH
GLIIHUHQWPRUSKRORJLFDOH[SUHVVLRQV,WLVLPSRUWDQWLQWKHSODQQLQJRIXUEDQIXWXUHVWREHDEOHWRPRGHOVXFKIORZV
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
)LJ6WDWH6SDFHDQG%URZQLDQ0RWLRQ

4.2 State space and the stochastic system 
³7KHPRVWFRPPRQNLQGRIPRGHOXVHGIRUVWXG\LQJUHJXODULWLHVLQSK\VLFDOV\VWHPVLVDµ6WDWH6SDFH¶´%DUZLVH
	6HOLJPDQS7KHstate space PRGHODQG WHUPLQRORJ\DUHZHOO VXLWHG WRRXUGLVFXVVLRQVDERXWKRZWR
DSSURDFKWKHSODQQLQJRIFLWLHV$state spaceDVVXPHVDGHILQHGV\VWHPRIDXWRQRPRXVHOHPHQWVVHWZLWKSDUWLFXODU
DVVRFLDWHGDWWULEXWHVWKDWFKDQJHDVWKHV\VWHPHYROYHV,WLVFKDUDFWHULVWLFRIVWDWHVSDFHWKDWWKHPRGHOLVLQRQO\RQH
VWDWHDWDQ\JLYHQWLPH0DSSLQJWKHVWDWHVSDFHVRIDFLW\WKURXJKWLPHFDQSURYLGHDUHSUHVHQWDWLRQRIWKHVWRFKDVWLF
V\VWHPHYHQWVEDVHGRQXQFOHDUSDUDPHWHUVRIWKHFLW\DQGSURYLGHKLVWRULFDOEHKDYLRXUDOLQIRUPDWLRQXSRQZKLFKWR
GHYHORSPRUHUREXVWUHVHDUFKDQGSODQQLQJSURFHGXUHV
0DSSLQJVWDWHVSDFHVDVDPRGHORIDVWRFKDVWLFV\VWHPLVDXVHIXOWRROIRUWKHDQDO\VLVDQGSURJUDPPLQJRIPRUH
FRPSOH[EHKDYLRXUVLQDQHYROYLQJV\VWHP7KLVDUHDRIUHVHDUFKDQGUHSUHVHQWDWLRQFDQODUJHO\EHVHHQLQ*HRJUDSKLF
,QIRUPDWLRQ6\VWHPV*,6*,6GLDJUDPVRIWHQVKRZPDQ\OD\HUVRILQIRUPDWLRQIRUDGHILQHGJHRJUDSKLFDODUHD$
EURDGUDQJHRIGDWDFDQEHPDSSHGIURPVPDOOVFDOHGLVWULEXWLRQRIFKLOGUHQLQDUHJLRQWRODUJHVFDOHODQGXVHDQG
WHUUDLQIHDWXUHVDQGLVGHWHUPLQHGE\WKHSXUSRVHWKHLQIRUPDWLRQLVGHVLJQHGWRVHUYH*,6PRGHOVDUHLQKHUHQWO\
JHRJUDSKLFDOO\GHILQHG7KHGHYHORSPHQWRIWKHPHWKRGVFRPELQHVJHRJUDSKLFDOO\GHILQHGGDWDZLWKJHRJUDSKLFDOO\
XQGHILQHGGDWDDVLQWHUDFWLYHO\VKDSLQJWKHFLW\
4.3 Virtual and physical terrains 
,QRUGHUWRPDSWKHVWDWHVSDFHRIDQH[LVWLQJFRQGLWLRQLQWLPHWKHYDULDEOHVWREHPDSSHGPXVWEHGHWHUPLQHG
)RUH[DPSOHGRZHPDSSRSXODWLRQZDWHUUHVRXUFHVQHZUHVWDXUDQWSHUPLWVFULPHUDWHVQHZKRPHEXLOGLQJDQG
VRFLDOPHGLDSRVWV"7KHDPRXQWRIGDWDWREHFROOHFWHGGHSHQGVRQDWKHRUHWLFDOSUHPLVHRILQTXLU\WKHGDWDDWWDLQDEOH
DQGWKHWLPHDQGEXGJHWDYDLODEOHWRUHDOL]HWKHUHVHDUFK,WLVWKHUHIRUHFULWLFDOWRLGHQWLI\WKHPRVWUHOHYDQWGDWDWR
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HIILFLHQWO\JHWWKHPRVWUREXVWUHVXOWV7KHPRVWSURPLVLQJGDWDVHWVLQµFLWLHV
ZLWKWDQJLEOHDQGLQWDQJLEOHWHUUDLQVDV
ZHOO DV GLVWULEXWHG SRZHU VWUXFWXUHV DUH WKH GDWD VHWV RI HQYLURQPHQWDO LQWHUIDFHV RUJDQL]HG E\ EHKDYLRXUV
(QYLURQPHQWVFDQEHSK\VLFDORUYLUWXDOGHILQHGRUDPRUSKRXVDQGSURYLGHQHFHVVDU\VWUXFWXUHVWRIDFLOLWDWHWKHKXPDQ
RUJDQLVP KXPDQ VRFLDO LQWHUDFWLRQV DQG HQWHUSULVH EHKDYLRXUV $V GLVFXVVHG SUHYLRXVO\ WKHVH DUH DOO FRPSOH[
DGDSWLYHV\VWHPVRIIORZVSRSXODWHGE\DJHQWVLQWHUDFWLQJWKURXJKSK\VLFDOYLUWXDOWHUUDLQVRIIHDWXUHVDQGUHVRXUFHV

3URFHGXUDOILW±ELRPLPHWLFPRGHOOLQJDQGLQWHUGHSHQGHQWPRUSKRORJ\
'HVLJQLQJ DQ\ W\SH RI UHVHDUFK UHTXLUHV D FULWLFDO DQDO\VLV RI WKH SURFHGXUHV QHFHVVDU\ WR DWWDLQ GHVLUHG
LQIRUPDWLRQ7KHZD\LQZKLFKDQLQTXLU\LVPDGHDOUHDG\OLPLWVWKHSRVVLEOHRXWFRPHV,WLVFUXFLDOWKDWSURFHGXUDO
DIILQLWLHVOLNHQHVVEHWZHHQSURFHVVHVDQGV\VWHPVDUHDQDO\]HG0DQ\ELRORJLFDODQGVRFLRORJLFDOSURFHVVHVEHKDYH
LQ D QRQOLQHDU IDVKLRQ DQG H[SUHVV LQVWDQFHV RI VLPXOWDQHLW\ DQG HPHUJHQFH 7KH\ UHVLGH LQ DQ RSHQ V\VWHP
FRQVLVWHQWO\ VXEMHFWHG WRPDVVLYH XQNQRZQYDULDEOHV DQG DUH WKHQ FRPSHOOHG WR DGDSW WR QHZ FRQGLWLRQVZLWKRXW
SUHFHGHQW 7KH\ DUH DOZD\V FKDQJLQJ LQ IRUP DQG H[SUHVVLRQ DQG PXVW WKHUHIRUH EH DQDO\]HG WKURXJK D QRQ
GHWHUPLQLVWLFQRQWHOHRORJLFDOSURFHVVZKLOHWKHV\VWHPUHPDLQVLQPRWLRQ
5.1 Growth 
³$QRSHQV\VWHPLVGHILQHGDVDV\VWHPLQH[FKDQJHRIPDWWHUZLWKLWVHQYLURQPHQWSUHVHQWLQJLPSRUWDQGH[SRUW
EXLOGLQJXSDQGEUDNLQJGRZQRILWVPDWHULDOFRPSRQHQWV´%HUWDODQII\/YRQS7KHUHDUHWZRW\SHVRI
JURZWKWKDWDGGUHVVLPSRUWDQWIDFWRUVRIVFDOHDVUHODWHGWRIRUPDQGSURSRUWLRQ7KHJURZWKRIDQRUJDQLVPWKDWUHWDLQV
WKHUHODWLYHSURSRUWLRQVRILWVHOHPHQWVH[KLELWVLVRPHWULFJURZWK*URZWKZKHUHFKDQJHVLQWKHUHODWLYHSURSRUWLRQV
RI WKH HOHPHQWV DUH REVHUYHG LV DOORPHWULF JURZWK 8UEDQ JURZWK RIWHQ ILUVW H[KLELWV LVRPHWULF JURZWK XQWLO LWV
LQIUDVWUXFWXUHEHFRPHVWRRFXPEHUVRPHDQGWKHQWKHHIILFLHQFLHVRIGHQVLILFDWLRQDOORZIRUDOORPHWULFJURZWK
7KHWUDQVLWLRQIURPLVRPHWULFJURZWKWRDOORPHWULFJURZWKLVDFKDQJHLQXUEDQPRUSKRORJ\)RUH[DPSOHDVDFLW\
H[SDQGVRQWKHSHULSKHU\WKHVHZHUOLQHRIDFHUWDLQGLDPHWHUH[WHQGVRXWWRDFFRPPRGDWHWKHJURZWK$WDWLSSLQJ
SRLQW WKHPDWHULDO DQGPDLQWHQDQFH H[SHQGLWXUHQRW WRPHQWLRQ WKHSHUIRUPDQFHRI WKH H[WHQGHG VHZHUEHFRPH
XQVXVWDLQDEOH,QDPRUSKRORJLFDOFKDQJH WKHVDPHQXPEHURISHRSOHPRYH LQWRKLJKULVHKRXVLQJDQG WKHVHZHU
SLSLQJLVUHVL]HGDQGFDQDFKLHYHPDWHULDODQGIXQFWLRQDOHIILFLHQFLHV7KLVLVFKDQJHEDVHGRQGHVLUHGSHUIRUPDQFH
7KHVFDOLQJRIFLWLHV LVDQDORJRXVWR WKHVFDOLQJRIRUJDQLVPV%HWWHQFRXUWHWDOPDNHWKHFDVHIRU WKH
FRUUHODWLRQ RI VFDOLQJ IDFWRUV RI RUJDQLVPV DQG VFDOLQJ IDFWRUV RI FLWLHV GHVFULELQJ WKH QHFHVVLW\ RI DFFHOHUDWHG
LQQRYDWLRQLQRUGHUWRVXVWDLQJURZWK7KHDUJXPHQWLVPDGHWKDWLQRUGHUWRVXVWDLQWKHFLW\DVLWLQFUHDVHVLQVL]HQHZ
DGDSWDWLRQV PXVW EH LQWURGXFHG DQG LPSOHPHQWHG 6RPH RI WKH PRVW VLJQLILFDQW LPSDFWV DUH WKRVH RI UHVRXUFH
GLVWULEXWLRQ
7KHV\VWHPLFFKDQJHVQHFHVVDU\WRDFFRPPRGDWHJURZWKDOVRUHTXLUHDPRUSKRORJLFDODGDSWDWLRQ7KHUHIRUHWKH
FLW\WDNHVRQQHZIRUPVDVLWJURZVHYHQLILWJURZVLQYLUWXDOVSDFH7KHVSDFHVRILQWHUDFWLRQERWKFDWDO\]HDQGDGDSW
WRWKDWJURZWK'HVLJQLQJIRUDGDSWDWLRQUHTXLUHVORRNLQJDFURVVWKHUDQJHDQGVFDOHVRIV\VWHPVWKDWDUHLPSDFWHG
7KHLQWHUFRQQHFWHGQHVVRIWKRVHV\VWHPVFDXVHVVLPLODUEHKDYLRUVDWDUDQJHRIVFDOHV³7KHVROXWLRQWRDJLYHQGHVLJQ
SUREOHPPLJKWEHIRXQGDWDQ\VFDOHRUFRPELQDWLRQRIVFDOHV«´0LWFKHOOS
5.2 Waste and infrastructure 
$OWKRXJKZH¶YHEHHQGLVFXVVLQJWKHQDWXUHRIXUEDQLVPDVDG\QDPLFRSHQV\VWHPLWLVHVVHQWLDOWRUHFRJQL]HWKH
SULPDU\ OLPLWLQJ IDFWRUV RI FLW\ JURZWK ± UHVRXUFH DYDLODELOLW\7KH VPDOO VFDOH DJHQWV H[SHULHQFH WKHPRVW RSHQ
V\VWHPWKHODUJHUDV\VWHPEHFRPHVWKHPRUHLWLVERXQGE\LWVUHVRXUFHV³1RWKLQJJRHVLQRURXWRIWKHSODQHWDU\
V\VWHPH[FHSWIRUKHDWDQGWKHRFFDVLRQDOPHWHRULWH2WKHUZLVHIRUDOOSUDFWLFDOSXUSRVHVWKHV\VWHPLVFORVHGDQGLWV
EDVLF HOHPHQWV DUH YDOXDEOH DQG ILQLWH´ 0F'RQRXJK%UDXQJDUW  S ,Q WKH LQIOXHQWLDOZRUNCradle to 
CradleWKHFDVHLVPDGHWKDWLQRUGHUWRVXVWDLQRXUZRUOGZHPXVWLPLWDWHQDWXUH¶VPRGHO$QDWXUDOV\VWHPKDVQR
ZDVWHDWWKHPDFURVFDOH7KHZRUOGH[LVWVDVDFORVHGV\VWHPRIUHVRXUFHIORZ,IDQ\RIWKHUHVRXUFHVDUHVSRLOHG
WKH\EHFRPHXQDYDLODEOHRUSRLVRQRXV WR WKHRYHUDOO V\VWHP7KHUHPXVWEHQRZDVWH LI D V\VWHP LV WR UHPDLQ LQ
EDODQFH
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,W LVRIWHQSROLWLFDOSRZHUVWKDWGHWHUPLQHUHJLRQDOOLPLWV$V\VWHPVDSSURDFKWRXUEDQSODQQLQJPXVWDQDO\]H
ZKLFKUHVRXUFHVDWZKLFKORFDWLRQVDUHDYDLODEOHWRVXVWDLQDSRSXODWLRQRIDJLYHQVL]HLQDJLYHQVSDFH,QRUGHUWR
GHYHORSVXVWDLQDEOHFLWLHVWKHUHVRXUFHVDQGF\FOHVRIZDWHUHQHUJ\DQGZDVWHPXVWEHHYDOXDWHGDQGDGDSWHGWRWKH
FRQGLWLRQV RI VLWH DQG HFRQRP\ 'HVLJQLQJ IRU D VLQJOH FHQWUDOO\ RUJDQL]HG PDVVLYH LQIUDVWUXFWXUH LV QR ORQJHU
VXVWDLQDEOH 7KH DJLQJ LQIUDVWUXFWXUHV RI WKH FLWLHV RI WKH LQGXVWULDO UHYROXWLRQ GHPRQVWUDWH WKH YXOQHUDELOLW\ DQG
PDVVLYHFRVWQHFHVVDU\WRXSJUDGHDQGPDLQWDLQWKRVHV\VWHPV

5.3 Scaling resources 
6FDOLQJUHVRXUFHVWRSRSXODWLRQVDQGGLVWULEXWLRQQHWZRUNVZLOOEHDWDVNWRGHYHORSHIILFLHQFLHVDQGUHGXQGDQFLHV
LQUHVRXUFHGLVWULEXWLRQ,WPD\EHWKDWIRUDSDUWLFXODUXUEDQFRQWH[WLWLVPRVWHIILFLHQWWRKDYHDODUJHVHZHUV\VWHP
EXWDORFDOHQHUJ\V\VWHPDQGDUHJLRQDOZDWHUV\VWHP7KHVHUHVRXUFHLVVXHVDUHWKHILUVWWREHDGGUHVVHGLQDSURFHVV
RIGHVLJQLQJIRUWKHQHZmetacity7KLVLVDOVRDPDWWHURIVFDOH,QWHUPVRIUHVRXUFHVDFLW\PXVWEHGHVLJQHGDVD
FORVHGV\VWHPHIILFLHQWO\XVLQJUHXVLQJDQGJHQHUDWLQJUHVRXUFHV%XWFRQWDLQHGLQWKDWOLPLWHGV\VWHPWKHUHDUH
HQWLWLHV EHKDYLQJ ZLWKLQ RSHQV\VWHPV ³«PDLQWDLQLQJ WKHPVHOYHV LQ D FRQWLQXRXV H[FKDQJH RI PDWWHU ZLWK
HQYLURQPHQW´YRQ%HUWDODQII\S:LWKLQDVXVWDLQDEOHXUEDQV\VWHPSHU0F'RQRXJKWKHUHFDQEHQR
ZDVWH DQ\ E\SURGXFW VKRXOG HQULFK WKH HQYLURQPHQW 6RXUFHV RI HQHUJ\ZDWHU DQG FRPPXQLFDWLRQ EHFRPH WKH
GHILQLQJUDQJHRIDFLW\,QWKHFLW\DVDQRUJDQLVPERXQGDULHVDUHQRWSROLWLFDOEXWGHILQHGE\WKHF\FOHVRIUHVRXUFH
DYDLODELOLW\HQHUJ\DQGZDVWH:KHQGHYHORSLQJPRGHOVRIUHVRXUFHWHUUDLQDQGV\VWHPIORZVLWLVQHFHVVDU\WRDGG
LQWDQJLEOHDQGTXDOLWDWLYHGDWDWRSK\VLFDOIHDWXUHVVXFKDVSRZHUDQGYDOXH

3ODQQLQJHSLJHQHWLFVDQGWDFWLFV
'LIIHUHQWHQYLURQPHQWVFDXVHµRUJDQLVPV¶ZLWKWKHVDPHSURJUDPPLQJWRGHYHORSLQIRUPDOO\GLIIHUHQWZD\VE\
DIIHFWLQJWKHZD\IRUPDWLYHLQIRUPDWLRQDVLQJHQHVLVH[SUHVVHGRUUHSUHVVHG,QELRORJ\WKLVSKHQRPHQRQLVFDOOHG
HSLJHQHWLFV,WLVDPHDQVRIVHOIUHJXODWLRQDQGDVVXPHVHYHU\RUJDQLVPGHYHORSVEDVHGRQLQIRUPDWLRQWKDWKDVD
PRUSKRORJLFDOJRDO7KHJRDOLQSODQQLQJIRUXUEDQJURZWKLVWRLQILOWUDWHWKHV\VWHPLQDZD\WKDWZLOOHQFRXUDJH
GHVLUHGRXWFRPHV)RUDGDSWLYHFKDQJHWRRFFXUDFDWDO\VWPXVWFDXVHDV\VWHPWRGHYHORS7KDWV\VWHPPXVWHPEUDFH
DOOWKHFULWLFDOFRPSRQHQWVWKDWVKRXOGµJURZ¶LQWRDQHZVWDWHJURZWKUHQHZDOLVDVVXPHGZLWKLQOLPLWLQJIDFWRUV±
OLNHZDWHUDYDLODELOLW\
7KLVLVDQDORJRXVWR'UHLVK¶VH[SHULPHQWVZLWKVHDXUFKLQHPEU\RVLQWKHODWHWK&ZKHQRQHFHOODWWKHFHOO
VWDJHZDVGHVWUR\HG WKHXUFKLQGLGQRWGLHQRUGLG LWEHFRPHKDOI DQRUJDQLVP ,WEHFDPHDFRPSOHWHEXW VPDOO
FUHDWXUH/LNHZLVHZKHQFHOOVZHUHDGGHGDWDVLPLODUO\HDUO\SKDVHWKHFUHDWXUHGLGQ¶WKDYHPRUHRUJDQVRUIHDWXUHV
LWMXVWEHFDPHHQRUPRXV'UHLVFK7KHH[SHULPHQWLVDQH[DPSOHRIDQLQWHUYHQWLRQDWDFWLFWRDIIHFWFKDQJH
WRDV\VWHP$WDFWLFLVGHSOR\HG³«RQDQGZLWKDWHUUDLQLPSRVHGRQLWDQGRUJDQL]HGE\WKHODZRIDIRUHLJQSRZHU´
GH&HUWHDX  S  7DFWLFV DUH DFWLRQV FDXVLQJ HYHQWV WKDW WDNH DGYDQWDJH RI RSSRUWXQLWLHV WKURXJK JDSV
UHYHDOHGZLWKLQDJLYHQV\VWHP7DFWLFVGLVUXSWWKHHTXLOLEULXPRIDV\VWHP
+HUH ZH KDYH WZR H[DPSOHV RI RSSRUWXQLWLHV WR DIIHFW D V\VWHP 2QH LV RQ WKH PDFUR VFDOH DIIHFWLQJ WKH
HQYLURQPHQWLQDZD\WKDWIDFLOLWDWHVGHVLUHGEHKDYLRUVRUIRUPVDQGGLVFRXUDJHVWKRVHWKDWDUHXQGHVLUDEOH7KLVZRXOG
EHWKHHSLJHQHWLFRUPRUSKRJHQHWLFILHOGVDSSURDFKRUGHULQJV\VWHPVE\DIIHFWLQJHYHQWVDQGLPSRVLQJUHVWULFWLRQV
RQSRVVLEOHRXWFRPHV7KHVHFRQGLVDWDPRUHORFDOL]HGVFDOHWDFWLFVDUHGHOLEHUDWHDFWLRQVLQWHQGHGWRFDWDO\]HD
JURXSRIDJHQWVWRDIIHFWDODUJHUGHVLUHGFKDQJH(VSHFLDOO\LQWKHFDVHRIDGDSWLQJDQH[LVWLQJXUEDQFRQGLWLRQWRD
FKDQJHGFRQWH[WWKHSODQQHUV¶UHFRPPHQGDWLRQVVKRXOGDGGUHVVWKHVHWZRDUHDVRILQWHUYHQWLRQH[SOLFLWO\

 Multi-agent models
,QRUGHUWRSODQIRULQWHUYHQWLRQVLQDV\VWHPRIDJHQWVLWLVQHFHVVDU\WRPRGHOWKRVHV\VWHPV³2QHRIWKHGHILQLQJ
IHDWXUHVRIPXOWLDJHQWPRGHOVLVWKDWWKHDJHQWVKDYHWKHSRWHQWLDOWRLQWHUDFW7KHLQWHUDFWLRQPD\UHSUHVHQWDVLPSOH
SHUFHSWLRQRIWKHSUHVHQFHRIRWKHUDJHQWVWRDYRLGWKHPRUWRLPLWDWHWKHPRULWPD\LQYROYHPRUHVRSKLVWLFDWHG
FRPPXQLFDWLRQRINQRZOHGJHRSLQLRQVRUEHOLHIVGHSHQGLQJRQWKHUHTXLUHPHQWVRIWKHGRPDLQEHLQJVLPXODWHG´
*LOEHUWS$JDLQZHVHHKHUHWKDWLQDG\QDPLFV\VWHPQRWRQO\WKHIHDWXUHVRIDQHQYLURQPHQWPXVWEH
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PRGHOOHGEXWDOVRWKHEHKDYLRUV7KLVEHKDYLRUPRGHOOLQJSXWVWKHPRGHOLQDSHUSHWXDOVWDWHRILQWHUDFWLYHPRWLRQ±
PXFKOLNHWKHFLW\LWVHOIRUHYHQWKHFRVPRV,WLVQRWSRVVLEOHWRVWRSWKHFLW\LQRUGHUWRVWXG\LW0XOWLDJHQWPRGHOV
ZKHUHWKHUDQJHRILQWHUDFWLRQVLVGHVFULEHGDUHWRROVWRUHYHDOVHOIRUJDQL]LQJDQGHPHUJHQWSKHQRPHQDLQDG\QDPLF
V\VWHP7KHDJHQWEDVHGPRGHOEHFRPHVPRVWHODERUDWHRQFHWKHOD\HUVDQGLQWHUDFWLRQRIWKHUHVRXUFHWHUUDLQDQG
V\VWHPVIORZVDJHQWIDFWRUVDUHDGGHG

([DPSOHVDQGPHWKRGV
     Sassen, Parsa and KeivaniGHVFULEHDQDFFHOHUDWHGH[DPSOHRIWKHXUEDQJURZWKFLWLQJWKHXUEDQH[SDQVLRQRIWKH
8$(6DVVHQ7KLVH[DPSOHLVXVHIXOVLQFHLWDVFLWLHVJRKDSSHQHGYHU\TXLFNO\:HVHHDQHZRUJDQL]DWLRQDO
IRUPERUQRXWRISUDJPDWLVPSURYLGHDVWUXFWXUHIRUUDSLGZHDOWKDFFXPXODWLRQEDVHGRQDYDLODEOHUHVRXUFHVZKLFK
OHDGVWRDQintent EHKDYLRXUWRIDFLOLWDWHIXUWKHUHFRQRPLFJURZWKWKURXJKXUEDQH[SDQVLRQ7KLVUHTXLUHVLPSRUWLQJ
UHVRXUFHVZRUNHUVWRIDFLOLWDWHJURZWKZKLFKDOVRFUHDWHVGHPDQGIRUWKHJURZWKRIVHUYLFHVDQGSRSXODWLRQVXSSRUW
7KLVSKHQRPHQRQLVDVWDQGDUGPRGHORIXUEDQJURZWKZKLFKXVXDOO\WDNHVJHQHUDWLRQV WKDWDOVRH[HPSOLILHV WKH
UXSWXUHRIDV\VWHPWKDWVXFFXPEVWRLWVRZQJURZWKPHFKDQLVPVWKDWZHUHLQWHQGHGWRVXVWDLQDQGH[SDQGLW0DQ\
HPHUJHQWHYHQWVRFFXUWKHUHLVDFXOWXUDOVKLIWDJKHWWRL]DWLRQRIWKHQHZHVWLPPLJUDQWVDVRFLDOUDFLDODQGFXOWXUDO
DSDUWKHLGDSDUWQHVVRIWKHSRSXODWLRQZLWKWKHZHDOWKLHVWJURXSH[HUFLVLQJSROLWLFDOGRPLQDQFH
$OWKRXJKWKLVSDWWHUQKDVUHSHDWHGQXPHURXVWLPHVLQFXOWXUHVDFURVVWKHJOREHUDUHO\GRWKHOHDGHUVRIJURZLQJ
FLWLHVKDYHWKHIRUHVLJKWWRSODQIRUWKHIXWXUHZKLOHOHDUQLQJIURPWKHSDVW5DUHO\LVWKHUHDQ\ORQJWHUPSODQQLQJIRU
QRW RQO\ D FKDQJHGPRUSKRORJ\ GHPDQG RQ UHVRXUFHV DQG VHUYLFHV EXW DOVR FXOWXUDO DQG VRFLDO DGDSWDWLRQ DQG
LQWHJUDWLRQRIWKHUHVRXUFHVZRUNHUVWKDWPDGHJURZWKSRVVLEOH7KHUHDUHDIHZLQWHUHVWLQJSRLQWVKHUHUHODWHGWRRXU
WRSLF )LUVW WKDW ZHDOWK VRPHKRZ GHPDQGV JURZWK H[SDQVLRQ UHTXLUHV UDSLG LQQRYDWLRQ WKDW JURZWK LQZHDOWK
HQJHQGHUVLQWHQWWRLQYHVWUHVRXUFHVWRIDFLOLWDWHXUEDQJURZWKEHVWVXLWHGWRELRPLPHWLFSURFHVVHVWKDWXUEDQJURZWK
LV HTXDWHGZLWK DQG GHHPHG WR IDFLOLWDWH WKH H[SDQVLRQ RIZHDOWK HIILFLHQFLHV RI VFDOH DQG HPHUJHQFH EDVHG RQ
LQWHUDFWLRQLQDG\QDPLFV\VWHPDQGWKDWLQH[SHQVLYHLPSRUWHGKXPDQODERXUDOZD\VFKDQJHVWKHV\VWHPLWZDV
LQWHQGHGWRH[SDQGDQGSURWHFWERWKDPRUSKRORJLFILHOGFDWDO\VWDQGDWDFWLFDOLQWHUYHQWLRQ:KDWLIWKHLQH[SHQVLYH
ODERXUZDVQRWLPSRUWHGEXWJURZQORFDOO\:KDWLILWZDVQRWKXPDQEXWDQLQWHOOLJHQWPDFKLQH":KDWLILWFRXOGEH
SK\VLFDOO\SDUWRIWKHFLW\LQIUDVWUXFWXUHDVZHOODVDWRROIRUEXLOGLQJLW"

6XPPDU\
7KLVWH[WKDVGHVFULEHGWKHFULWLFDOYDULDEOHVRIVSDFHEHKDYLRXUDQGHYHQWVWKDWEXLOGWKHHOHPHQWVRIPRGHOVDQG
VLPXODWLRQVRIXUEDQSODQQLQJWKDWLQFOXGHG\QDPLFWHFKQRORJ\HQDEOHGVSDFHV:HEHJLQE\PDSSLQJWKHDYDLODEOH
UHVRXUFHV IRU D JLYHQ UHJLRQ RU SRSXODWLRQ EDVHG RQ JHQHUDWLRQ DQG GLVWULEXWLRQ HIILFLHQFLHV 7KDW GHILQHV WKH
JHRJUDSKLFDOUHDFKRIWKHXUEDQV\VWHP6HFRQGVWDWHVSDFHPDSVRIWKHUDQGRPHYHQWVRIVWRFKDVWLFXUEDQSURFHVVHV
DUHGHYHORSHG7KHVHULHVRIVWDWHVSDFHPDSVGHVFULEH WKHV\VWHPRYHU WLPHDQG LVJHQHUDWHG LQRUGHU WRGHYHORS
KLVWRULFDOGDWD
%\EHJLQQLQJZLWKVWRFKDVWLFSURFHVVHVWKHUHVHDUFKSURFHGXUHDVVXPHVWKHZLFNHGFRPSOH[LW\GHVFULEHGE\5LWWHO
DQG:HEEHU7KHVWRFKDVWLFUHVHDUFKSURYLGHVDKLVWRULFDOIUDPHRIUHIHUHQFHLQRUGHUWRGHWHUPLQHWKHOLNHOLQHVVRI
IXWXUHEHKDYLRXUV1H[WZHGHWHUPLQHWKHFULWLFDOYDULDEOHVWKDWPXVWEHPDSSHGDUJXHGKHUHWREHHQYLURQPHQWDO
LQWHUIDFHVRUJDQL]HGE\EHKDYLRXUV$*,6OLNHUHSUHVHQWDWLRQRIWKHOD\HUVRILQIRUPDWLRQLVGLUHFWO\DVVRFLDWHGWR
WKHVWDWHVSDFHPDSV6RIRUHDFKXQSUHGLFWDEOHFRQGLWLRQDOD\HUHG*,6OLNHPDSLVSURGXFHG
$W WKLV VWDJH ZH KDYH WHUUDLQ PRGHOV RI UHVRXUFHV FRQWLQXRXV EXW GHFHQWUDOL]HG WHUUDLQ PRGHOV RI
JHQHUDWLRQGLVWULEXWLRQV\VWHPVIORZVKLVWRULFDOVHWVRIUDQGRPGDWDLQWLPHIURPWKHVWDWHVSDFHPDSVDQGDVHWRI
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)LJ5HVHDUFKDUWLIDFWVIRUWDFWLFDOXUEDQSODQQLQJ
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TXDQWLWDWLYHDQGLVEHLQJFROOHFWHGIURPDSHUSHWXDOIHHGRIVWDWLRQDU\VHQVRUVDQGWKHVHQVRUVRIWKH,R0HKXPDQV
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SRVVLEOHXUEDQIXWXUHV
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